Errors in the J; part of nutation series
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Abstract

This peper points out that the nutation terms of Zhu and Groten (1989) due to the tidal potential n
Aegrer 3 are erronanus. Correct valuesare deduced hero and they coincide very well with thoce give:
in Kinoshita and Souchay (1990), These errozs explain the discrepaucies between the evaluation of th
theories of Zhu and Groten (1989) and Kinoshita and Souchay (1990), which can reach values up t
185 pas. Aleo the two leading nutation termsdneto the tidal potential of degree 4 are given. Finally
some Of the computer programs (NUTC. F, KSV_1604.F) for evalusting the Ja nutation terms erc als

orroneous.

1. Intraduction

Duo to the high accuracy of Very Long Boaline Interferometry (VLB]), present theoretical nutatio
models should consider amplitudesul the order of a few pas(= micro srcseconds). Thin especiall
applies to rgld Earth models which serve as abesis for more complicated and realistic Eatth model
including elastic and anelaatie effects of the mantle, effacts from outer and inner core, ocerns and th
atmosphere ec. (2MOA Herring (1990), Mathews ot sl. (1001 3,b)). At thie level of accuracy nutatio:
terms due to the Jycocfheient of the Barth should be taken into account. Values for thein differ in Ll
bwu snost recenl nulatbion serios, Kinoshita and Souchay (1990) and Zhu-and Groten (1989), by & facto

of up to two. These difference were reported by severalauthors (e.g. Souchay (1993), Williams (1994).




but so far bo explanation has been given. It is shown here that they can be attributed to two erzots in

the computation methnd of Zhu and Groten (1989).

2. Method of computation

The Computation method applied here is based on the tesseral part of the tidal potential and itsjela-
tionghip ta the nutation angles. This article takes advantage of a new expansion of the (luni-solar) tidsl
potential which was recently given by Hoartmann and Weneel (1085). Although the tidal potcntials used
by Zhiu and Groten (1989) are sufliciently accurate [orihe purpore, here lhe newer vuce is chosen duo to
its much simpler Structure, Using them expansion coefficients the derivation of corresponding nutation
roefficienta in atraightforward (see nlao Hartmann rim-| Saffel (1 824)) and ern he explained by the following

stepo,

1) The classical formula for the tidal potentiadl Wyea (sce c.g. Merits and Miiller (1087)) rceda:
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-ot T rl 1'

Waaa = GM YD 771 5y Fem(eo 8)F 1 (cos 1 (£)) co8 [m(A — As(t))] . (1)

{=4 m=0'b

Here, Py denote the fully normaliscd Legendre functions of degrec£and order m. 1, 8, X and 7, Ox, Ay
are the geocentric spherical coordinates of a station on the Earth and the tide generating body, reapec-
tively. GMy is the product of the gravitational constant and the mass of the apecific body (Moon, Sun,
planets). Equation (1) is evaluated numerically using the standard ephemeris DE200 from JPL and

tranaformed into the following Poieson acrice: {s¢c¢ Harbmann and Wenscl (1008) for further details)

I=¢ m=t

Witdal = Z Z (2)‘?“(':039) E

=3 m=0

(1) ena(argy(1) ) + S5 (1) win( arg(t) ) &)

The paramecter o is taken to be the semi-majoraxia of the Earth (a2 = 6378138.3 m in the IERS
1992 Standards, McCarthy (1992)), tisthetlme reckoned from the epoch J2000in Julian, centuries.
It should be mentioned that the linear time dependent amplitudes C¥™ atd S{™ have the dimension
m?/a?. The nrgumenta A7g;(t) refer tO epnch 120DD and they ate taken to be integer combinations Of

the Doodeon variablea 7,9, 5, p, NJ, p,{or equivalently of tha Delaunay:argumentelas,ls, F, D, f1) and




the mean longitude 2; (t) of the planets, For the purposes here it is sufficient to regard them aslinent

functions of time

arg (t) = s +wit | (%)

2) Itisknowa (scc c.g. Melchior and Georis (1868) or Morits and Miiller (1987)) that the torque N acting
on an axisymmetrie Earth model s directly proportional to the tesseral part (m = 1) of the tidal potential.

Dennting the momenta of inertia of the Barth hy 4= B and &, one has to lowest Approyimation

(C - Ay (5P co(d: +wit) = CF*ain(i + wit)]
V15 | . ' . :
Niws = - ~(C - A)Z [C'f‘ con(; + 1) 4+ S¥ain{d; + wit))] . (A)
0
The higher order parts of the torque can be obtsined by the replacemen?;s (factor and tidal amplitudes)

given in /Cl'able 1, This eloc spplies t0 al oiher formules given below. TheJy velues of the Earth were

taken from DE245 and are based ON the GEM-T3S model by Lerch et al. (1994)).

TABLY 1. Replacements to obloin the higher order nutdbion terma

T

degree  factor  tidal amplitudes Jg (in 107*)

2 AL sir it 1DR2IB28
3 Vi, g3, oy ~2i533
4 V80Jy/s 54, ¢ch —1i010

Noto thab Zhuand Groben (1989) apply only & factor J3/J3. Heuve, by u’l;cnua of Lheir simplification they

miss & factor of v42/+/15.

3) Because of the smallness of the nutation terms considered here a distin¢tion between effects for angular
momentum axis, rotation axis and figure axisis not made, Assuming again our model Larth to be

approximately zxisymmetric we proceed therefore with the Poisson equations in the form
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where Ay and Ac denote the nntation angles in longitude and obliquity, respectively. so denotes the

obliquity, which takee according to DE200 (ecc Standish (1962)) the value 23°26'21"/412 &t epruch J2000

C is the laryest principle moment of inertia and for the mean value of the Earth’s angular velocity w we

take 7,292116 x 10-a rad/sec.

4) ‘The introduction of the time harmonie tidal develapment in the torque allows the integration o]
equations (5). Rearranging the sum over the tidslamplitudes in paits (thue the sum running only up tc

i/2) with frequencics Awsy = | (wy -~ w), which forin one nutetivu terin; vie gels for dogree ¢ =

— 21 P}
Ay = mneo L Aw.,; [ C21 C_,-) cos(@ + Awyt) + (S,- ;+ 53’;) sin(@; + Awyit) ]
A = — By 2 oo [(c" + C2) sin( + Dwgat) — (575- 524) con(i + Bws z)] (6b]
) :

The xcale factar B is (approximately) given by

= H
Eaw 15‘55!_; (7:
adw

and depends on the dimensionless dynamical ellipticity Hayn= (2 C - A = B)/(2C) =JaMga®/C taker
from Kinoshita and Souchay (1880), Hayn = 0.0032740, g that Faas 1 2,001 una. For the corresponding
quantities By (£ = 3) and E, (¢ - &) We obtain -47, s96 pes and —44.207 pas, respectively. The reoultt
preacnted below were obtained from numerically evaluating expresaiond {6a) aud (6b). For the ever
degrees of the tidal potential (£ = 2,4) only the sine-amplitudes Sz, Sa1 are relevant while for £=t
the quantity Caiis moat important. (The other tidal amplitndes arise becanse nf planstary effacta 3nr
therefore their magnitndea are very small.) Thus for ¢ -2 and ¢ - 41A4ie proportiona to the Burr
and As to the difference Of the two tidal emplitudes constituting onc nutetion term, while for £=3it &

juet the other wey evound. Thia kas not Leen tekeun lulv account by Zhis and Groten (1988). Probably




they relied on the paper of Mclehior and Georin (18688) and theorem 2 therein which i also wrong ir

that context, Mureover for £ = 9 the nutatlon In longitude / obliquityiie proportional to the cos/ sir
of the nutation argument which isagain opposite to the case of £== 2. Note, that same af the compute
programs (e.g. NUTC.F for the Kinoshita and Souchay (1990) ceries, KSV._1004.F for the recent nutatior
series besed on VLBIdata) for evalusting lic Jg nutation terms are also erroneous slnce they use the
interchanged trigonometric functions (namely those for theehs. The cos / sin dependence o
the Ja longitude / obliquity nutationis carrectly given in Kinoshita and Souchay’s (1990) text, but itis
noted (Souchay and Kinoshita (1995)) that it is ineorzectly listed 03 sin/ con in their final tables 28 anc
29,

It should be pointed out that - although the method could beappliedit principle to the main-nutatior
terms due to Ja too - the results will not he aatisfying due to the varichs assumnptions and approxims
tions made above. However, resultes using 8 more cloboratc computation method will be presentedine

subsequent paper.

S) llis casy bo derive also values for the precesslon and obliquity rate! due to these parts of the tida

potential. In that case Aw vanishes and one obtains

S,y = LB
dtaw = 4 slngg 57 (wi = w) (88
%A: = - E;wC"(wi —-w) . (8b

Numerical valnes ara given in Table 5.

3. Results

In Table 2 all nutationtermsdne tatheJs coefficient are given (HWS!=this paper, KS Kinoshit
and Souchay (1990), ZG = Zht and Croten (1989)). Eleven amplitudes ducto the Moon sre larger tha

1 pgae. No nutation terms Jue to the sun ariso since tho soler tidal potohtial of degree 3is already ver

small,




Tantr 2: Nutetion dU€ tO the J, cosfliciont (iN pas; sonfor Ay, sin for Ac)

luls F D @ period (Q) Aynws A¥ks AYze Atyws Oexs Afz2o

-1 u 1 03 65502.276 —8.8 —8.0 -2.7
-1 .01 0 2 8159.136 38.8 36.0 30.0 17.6 19.0 -10.0

-1 0 1 01  3231.496 ~104,0 -105.0 -150.0 -89.0 =--89.0 30.0

-1 0 1 0 0 2190.360 33.2 33,0 0.0
1 0 1 -2 1 19s.680 -1.2 -1.0
60 0 1 o 2 27.432 3,0 14

0 01 01 27.522 -16.2 -16.0 -20.0 =-13.8 -14.0

0O 0 1 OO0 27,212 .5 8.0 0.0
1010 1 1379 -13 1.1
0O 0 3 o0 2 0.107 —2.6 —1.1
o 0., s o 2 9.083 -1.0 -0.5

Using the same computation method on¢ obtains tor the two largest nutation terms due to J, valne

given in Table 8.

TaBLE 8: Nutation due to the Jg coeficlent (In gas; ain for Ay, cos for Ac)

I ls F D ] pprind (ﬂ) A1/)ng /\f.’gwa
O 0 0O 0O 1 6708.38¢ -0,7 6.8

O 0 0O O 2 3599.192 0.6 -0.3

For nutstion terms due to J,Kinoshita and Seuchey (1690) mention the .0.7 was longitude tenm, but no
the larger obliquity texinwhich slightly exceeds their 5 pos threshold. In Figuré 1 and 2 wg show fo
the time interval 1830 -2050 the differences between the evaluation of our nutation geries due to Js ani
those of Kinoshita and Souchay (1990) and Zhu and Groten (1989), respectively. The values for the rm

J maximum differences in pns are given in Table 4.




Tanre 4: Diffezences in pos
— |

SAY §Ac

Ime max Ims nax

HWS.XS 3.3 9.9 2.8 8.2
HWS.ZG@ 4107 63.6 86,8 166.2

Jq 06 11 48 11

Toble 5 gives precession and obliquity rales duclv J3aud Jg. Tho precession rate due to J4¢1isin good
agreement with the theoretical equation given by Kinoshita (1 b7f) and the value of 2 600 p8s/J.cy given
inKinoshita and Souchay (1990). The rates from Jz arereally ® Xxceedingly long period terms duo to the

motion of the perihelion of the earth’s orbit compared to the equinox.

TaBLE B: Preceasion and ehliquity rates in pas/Tey

degree bod, Ay Aé

3 Moon 57 -1.1
Sun -2.6 -05

Total -8.4 -1.6

4 Moon 2S1S.3 0.0

4. Conclusions

Using au {ndependent procedure for computing the mutations from the earth's Ja,a conflict between the
series of Kinoshita and Souchay (1900 and Zhu and Groten (1988) hag been resolved. The former ssries
is correct and is extended to emaller coefficients here, Given theaccuraty of modern obsorv’ationa, the

nutstions due to Jyehould be included in computations Of the carth’s orlcntation in spece.
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